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The immediate effects of successful percutaneous translum- 
inal coronary angioplasty on global and regional left ven- 
tricular function were assessed by comparing 30” right 
anterior oblique left ventricular angiograms performed 
immediately before and after angioplasty on 39 patients 
undergoing 42 successfui procedures. Mean (*SD) lesion 
stenosis decreased from 88 + 10% to 35 f 11% (p 5 
O.OOl), whereas left ventricular ejection fraction increased 
from 57 + 11% to 64 + 10% (p 5 O.QOl) for the entire 
group. 
Left ventricular functional changes were further sub- 
grouped according to stability of angina. Eighteen proce- 
dures were performed on 17 patients with stable angina; 24 
procedures were performed on 22 patients with unstable 
angina defined as angina at rest or on minimal activity or 
recently accelerated angina. There were no significant 
subgroup differences in mean age, gender ratio, vessel 
anatomy, drug therapy or extent of coronary stenosis 
before or after angioplasty. Global ejection fraction in- 
creased significantly for the unstable group (from 54 5 
Since the emergence of percutaneous transluminal coronary 
angioplasty (l), initial and subsequent experience (2-4) has 
documented angiographic and symptomatic improvement in 
patients with ischemic heart disease. In addition, short- and 
Several studies (7-9) of left ventricular function before and 
long-term enhancement of coronary perfusion and myocardial 
metabolism after angioplasty has also been demonstrated 
(5,6). 
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Function 
in Stable 
11% to 66 f 9%, p 5 0.001) but was unchanged for the 
stable group (from 61 + 9% to 61 + ll%, p = NS). In 
unstable angina, regional ejection fraction (segmental area 
method) increased for both jeopardized (from 37 f 11% to 
52 f 9%, p 5 0.001) and nonjeopardized myocardial 
segments (from 43 Z 13% to 51 f 13%, p 5 O.OOl), but 
improvement was significantly (p 5 0.02) greater in jeop- 
ardized segments. In contrast, there was no change in 
jeopardized (from 46 + 10% to 46 2 ll%, p = NS) or 
nonjeopardized myocardial segments (from 41 -C 12% to 43 
+ 12%, p = NS) for patients with stable angina. 
Therefore, in patients with unstable angina, successful 
coronary angioplasty is associated with immediate increases 
in rest global and predominantly jeopardized segmental 
ejection fraction, which represents a normalization of pre- 
viously depressed functional performance. In contrast, 
patients with stable angina have normal baseline global and 
regional left ventricular function that remains unchanged 
after successful angioplasty. 
(J Am Co11 Cardiol1989;13:1262-9) 
soon after coronary angioplasty have found beneficial effects 
with exercise but not at rest. Improvement in rest left ventric- 
ular function after coronary artery bypass surgery has been 
observed in patients with unstable angina (10,ll) but not in 
The purpose of this study was to examine prospectively the 
immediate effects of successful coronary angioplasty on rest 
patients with stable angina (12,13). However, no previous 
hemodynamics and systolic left ventricular function, specifi- 
cally comparing patients with stable and unstable angina. 
study has reported immediate changes in rest left ventricular 
performance after revascularization. 
Methods 
Study patients. The effect of successful coronary angio- 
plasty on immediate changes in left ventricular function was 
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prospectively evaluated during 88 consecutive procedures 
performed on 79 patients with significant left anterior de- 
scending or right coronary artery stenosis without a history 
of myocardjal infarction. Forty-six procedures in 40 patients 
were excluded from analysis because at least one of the left 
ventricular angiograms contained only premature or post- 
premature beats. or a large volume of contrast medium 
utilized during the angioplasty procedure prohibited perfor- 
mance of a second left ventricular angiogram. 
Adequate contrast left ventricular angiography was ob- 
tained before and after 42 successful angioplasty procedures 
on 39 patients. No patient had chest pain immediately before 
or during left ventricular angiography and only two patients 
had chest pain within the 24 h before angioplasty. No patient 
received supplemental nitroglycerin in the 20 min before 
angiography and no patient had significant valvular disease. 
Informed, written consent was obtained from all patients 
before coronary angioplasty for a protocol that was ap- 
proved by the Virginia Commonwealth University Commit- 
tee for the Conduct of Human Research. 
Patients h’ere retrosped~~eiy crrtegorized 0s hmhg strr- 
hle or unstable mginrr by one observer without knowledge 
of left ventricular function. Twenty-four procedures were 
performed on 22 patients with unstable angina defined as 
prolonged (>30 min) rest pain necessitating admission to the 
coronary care unit to rule out a myocardial infarction (I? 
patients), recently accelerated chest pain or chest pain 
present on minimal activity (5 patients) or of new onset (2 1 
month) at rest (7 patients). Eighteen procedures were per- 
formed on I7 patients with stable exertional angina. Three 
patients underwent a second angioplasty 7 to I2 weeks after 
the first because of restenosis. In one of these three patients, 
stable angina preceded one procedure and unstable angina 
preceded the second; the other two patients had unstable 
angina before both procedures. 
Angioplasty technique. All patients underwent right and 
left heart catheterization by the Judkins technique: angio- 
plasty was performed with use of a previously described 
(2.3) standard technique. Immediate pre-angioplasty evalu- 
ations included initial hemodynamic recordings consisting of 
right and left heart and aortic pressures. followed by contrast 
left ventricular angiography and coronary angiography. Af- 
ter successful angioplasty. limited coronary angiography 
documenting the result was followed IO min later by hemo- 
dynamic recordings and a similarly performed left ventricu- 
lar angiogram. The time from last coronary inflation to left 
ventricular angiogram was 20 min. 
Before angioplasty. all patients received a calcium chan- 
nel blocker, aspirin and dipyridamole for 24 to 48 h as well as 
a long-acting nitrate and a beta-adrenergic blocker for clini- 
cal indications. In the laboratory, patients received nitro- 
glycerin ointment topically, 7,500 U of heparin intravenously 
and low molecular weight dextran at 125 ml/h through the 
pulmonary artery catheter throughout the procedure. Bolus 
RAO 
Figure 1. Five segment area method utilized for evaluation of 
regional left ventricular function in the right anterior oblique (RAO) 
view. 
intracoronary nitroglycerin was administered before the 
dilation catheter was advanced into the lesion and for any 
suspected vasomotor reactivity during dilation. 
Criteria ,for successful angioplasty included a >20% 
increase in the dilated luminal diameter as visually estimated 
from coronary angiograms performed in similar projections 
before and after angioplasty or a >50% decrease in coronary 
translesion pressure gradient. 
Ventricular function analysis. Single plane left ventricular 
angiography was performed in the 30” right anterior oblique 
view with use of 25 to 36 ml of meglumine diatrizoate 
injected at a rate of I6 to 20 ml/s before and after angio- 
plasty. With use of the standard Dodge regression equation 
(14.15) end-diastolic volume index (EDVI). end-systolic 
volume index (ESVI) and ejection fraction (EF) were calcu- 
lated on a Numonics computer from traced silhouettes of the 
left ventriculogram with nonpostpremature beats. 
Regional ejection fractions (Fig. 1) were obtained with 
use of a five segment area method (16). Area ejection 
fraction was calculated as the difference between end- 
systolic and end-diastolic area divided by the end-diastolic 
area for each region. Segments were grouped as jeopardized 
and nonjeopardized myocardial segments, with jeopardized 
myocardial segments defined as segments predominantly 
supplied by the dilated coronary artery distal to the dilated 
lesion. The remaining segments supplied by nontreated, 
predominantly nonsignificantly stenosed coronary arteries 
represented nonjeopardized myocardial segments. 
Derived calculations. Calculated hemodynamic parame- 
ters were determined as follows: Ejection fraction (EF) = 
100 x (EDVI - ESVIYEDVI; cardiac index (CI) = stroke 
volume index (SVI) x heart rate (HR); rate-pressure product 
= systolic aortic pressure x HR; systemic vascular resis- 
tance index = 80 x (mean arterial pressure - right atrial 
pressure)/CI. 
Statistics. Within-group differences before and after 
angioplasty were compared with use of the paired t test. 
Student’s t test for unpaired data was used to compare 
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Table 1. Hemodynamics Before and After 42 Coronary 
Angioplasty Procedures 
Left ventricular end-diastolic 
pressure (mm Hg) 
Before P 
F’KA After FTCA Value 
10 + 4 25 + 4 ~0.001 
Mean arterial pressure (mm Hg) 
Heart rate (beatsimin) 
Rate-pressure product (mm Hg 
beats/min) 
91 + 15 93 + 13 NS 
702 12 68 * 9 NS 
8,400 * 900 8,500 ? 900 NS 
Cardiac index (litersimin per m2) 
Systemic vascular resistance 
index (dyne.scm-‘/m2) 
2.8 + 0.9 3.3 t 0.9 10.001 
2,700 + 900 2,200 ? 800 <O.OOl 
F’TCA = percutaneous transluminal coronary angioplasty. 
differences between groups. Differences in frequency distri- 
bution between groups were determined by using chi-square 
analysis with the Yates corrections (17). Values were ex- 
pressed as the mean ? SD. 
Results 
General features. The 42 successful angioplasty proce- 
dures involved 39 patients, 33 men and 6 women, with an 
average pge of 52 + 9 (range 35 to 68) years. Five patients 
had significant (>70%) multivessel disease; however, only 
two patients had multivessel dilation with one lesion (pri- 
mary) representing the major indication for angioplasty and 
the secondary stenosis representing a small segment of 
myocardium at risk in both. All of the remaining patients 
underwent single vessel dilation. Although the secondary 
stenoses may have contributed to ischemia, the amount of 
myocardium in jeopardy was minimal in comparison with the 
amount of myocardium at risk from the primary lesion. The 
primary dilated lesion involved the left anterior descending 
coronary artery in 26 procedures, the right coronary artery 
in 13 and a saphenous vein graft to the anterior descending 
artery in 3. Before undergoing angioplasty, all but 2 patients 
were taking a long-acting nitrate, 33 were taking a beta- 
blocker and 27 were taking a calcium channel blocker. 
Angioplasty results. Overall, successful dilation reduced 
mean angiographic coronary artery stenosis from 88 + 10% 
to 35 ? 11% (p < 0.001) and translesion pressure gradient 
from 51 ? 13 to 7 2 5 mm Hg (p < 0.001). Left ventricular 
ejection fraction increased from 57 2 11% to 64 ? 10% (p < 
0.001). 
Analysis of hemodynamic variables (Table 1) revealed a 
significant increase in left ventricular end-diastolic pressure 
with no significant change in mean arterial pressure, heart 
rate or rate-pressure product after angioplasty. An increase 
in cardiac index and decrease in systemic vascular resistance 
index also occurred after successful angioplasty in the entire 
study group. Volume analysis revealed a small increase in 
end-diastolic volume index from 72 ? 15 to 75 2 16 ml/m2 (p 
Table 2. Clinical Profile of Unstable and Stable Angina Groups 
Unstable P Stable 
Angina Value Angina 
No. of procedures 
No. of patients 
Age (yr) 
Mean t SD 
Range 
Gender 
Male 
Female 
Coronary disease 
Single vessel 
Multivessel 
Vessel dilated 
LAD+ 
RCA 
Medications before angioplasty 
(no. of patients) 
Long-acting nitrate 
Beta-blocker 
Calcium channel blocker 
Medications during angioplasty 
(mean + SD) 
Intracoronary nitroglycerin (pg) 
Nitroglycerin ointment (mg) 
Meglumine diatrizoate (ml) 
Low molecular weight 
dextran (ml) 
24 18 
22 17 
52 + 9 
38 to 68 
171 
5* 
20 
4 
16 
8 
NS 53 + 9 
NS 37 to 67 
NS 17 
NS I 
NS 17 
NS I 
NS 13 
NS 5 
24 NS 16 
20 NS 13 
18 NS 9 
187 + 143 NS 172 + 110 
24 t 5 NS 23 2 5 
287 ? 76 NS 323 + 78 
207 ? 51 NS 218 r 71 
*Includes patient undergoing two procedures; iincludes procedures on 
three saphenous vein grafts to the left anterior descending (LAD) coronary 
artery. RCA = right coronary artery. 
< O.@); a decrease in end-systolic volume index from 3 1 ? 
10 to 27 + 11 ml/m’ (p < 0.002) with a resultant improvement 
in stroke volume index from 41 -C 12 to 48 + 17 ml/m2 (p < 
0.001). 
Subgroup analysis (Tables 2 and 3). Comparison of the 
profiles of patients with stable and unstable angina (Table 2) 
revealed no significant difference in patient age or gender, 
number of diseased vessels, location of the dilated vessel or 
medications before or during the procedure (Table 2). Suc- 
cessful angioplasty (Fig. 2) in patients with stable and 
unstable angina resulted in similar significant improvement 
in angiographic coronary artery stenosis and in translesion 
pressure gradient. Patients with stable and unstable angina 
demonstrated no significant difference in initial or final 
percent stenosis or translesiqn gradient. Analysis of hemo- 
dynamic variables for stable and unstable patients (Table 3) 
revealed a significant increase in left ventricular end- 
diastolic pressure for both subgroups, whereas no change 
occurred in mean arterial pressure, heart rate or rate- 
pressure product in either subgroup. Patients with stable and 
unstable angina had a similar initial and final left ventricular 
end-diastolic pressure, mean arterial pressure, heart rate and 
rate-pressure product. Patients with unstable angina demon- 
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Table 3. Hemodynamic, Volume and Ejection Fraction Responses Before and After 42 Coronary Angioplasty Procedures 
RPP Cl SVRI 
MAP HR (mm Hgi tlitersimin (dynes. s * LVEDP EDVI ESVI LVEF JMEF NJMEF 
tmm Hg) tbeatsimin) beats per min) per m’) cm- ‘im’) tmm Hgj tml!m’J (ml/m’) t%i (c/r) (%) 
- - ~ ~ ~ ~ 
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Prr Post Pre Post 
Stable Angina Group 
I 104 89 60 60 9.300 7,600 1.9 1.8 4.300 3.50010 I5 
2 95 Xl 7x 75 9,800 8,300 3.0 3.6 2.500 1.500 6 17 
3 112 107 67 73 9,900 10,400 3.1 3.7 2.700 2.10019 IY 
4 104 II? 77 77 11.900 12.800 2.6 3.1 2.900 2,500l I I7 
5 78 X4 72 76 7.000 7,800 2.5 3.1 2.500 1.900 5 I3 
6 102 99 X0 85 10.100 10,000 3.8 4.0 2.100 I.800 8 I3 
7 102 97 73 73 9.900 9,100 3.1 3.1 2,600 2.400 7 IX 
x 93 IO6 63 63 7.900 9,600 2.2 2.7 3.200 2.80012 26 
9 91 83 60 59 7,000 6.500 3.3 3.6 2,000 I,60015 I2 
IO 74 109 42 70 4,300 11,000 2.0 1.8 2.800 4.100 Y IS 
II 77 79 106 85 9.800 7,900 4.1 3.8 1.500 1,600 4 Y 
I2 93 100 59 59 6,800 7.700 3.1 2.x 2.300 2.70013 IX 
13 92 7X 67 67 6.100 6,400 3.6 3.6 2,000 I.60013 I5 
14 87 87 7x 72 8,000 7,800 4.1 4.5 1.700 1.400 7 I6 
15 85 77 85 71 8.800 6,800 4.9 5.0 1.300 I.100 6 I3 
16 146 126 YO 68 16.300 11.000 3.2 2.3 3,500 4.200 5 4 
I7 68 97 5x 59 4.900 7,600 2.7 2.5 l.YOO 2.700 7 I? 
I8 88 I06 51 59 5,soo 8.600 3.5 4.2 1.900 I .YOOl I I6 
Mean 94 95 70 70 8,600 8.700 3.2 3.3 2.400 2,300 9 I5 
t SD 17 I4 I5 8 2,800 1,800 0.8 0.9 700 900 4 5 
P NS NS NS NS NS <O.OOl 
76 73 44 42 42 42 23 28 36 35 
74 76 36 27 51 65 3Y 53 31 48 
95 96 49 46 48 52 37 40 28 29 
67 74 33 33 50 55 41 39 23 38 
59 69 25 2x 5X 59 -30 40 51 40 
XI 79 34 31 58 61 55 46 32 43 
74 64 32 22 57 66 43 42 41 45 
53 68 IX 25 66 63 50 54 41 41 
XX 83 32 22 63 73 45 57 49 63 
72 92 24 65 67 30 64 27 33 16 
60 61 ?I I6 65 73 5X 72 33 37 
6X 61 I5 I4 78 77 54 58 70 67 
83 85 29 31 66 63 43 41 54 44 
77 8X 25 26 67 71 4.5 54 40 49 
95 I07 37 3X 61 65 50 42 40 46 
49 50 I3 16 74 69 52 38 58 58 
72 69 25 27 65 61 56 47 39 32 
II3 II9 44 48 61 60 49 45 35 43 
75 79 30 31 61 61 46 46 41 43 
I6 I7 IO I3 Y II IO II 12 I? 
NS NS NS NS NS 
Unstable Angina Group 
I 
2 
3 
4 
s 
6 
7 
8 
9 
IO 
II 
I3 
I3 
14 
IS 
I6 
I7 
I8 
19 
20 
21 
22 
23 
24 
Mean 
t SD 
P 
94 83 
91 88 
II3 91 
Xl 84 
83 107 
96 97 
I?? II5 
94 8X 
85 88 
X7 84 
86 82 
9X II0 
95 100 
75 82 
97 97 
94 97 
X8 70 
95 II3 
82 9s 
70 85 
91 X2 
78 XI 
71 76 
79 93 
x9 91 
I? I2 
NS 
66 57 8,500 6,300 
57 58 8.900 8.000 
70 70 10,700 8.600 
75 75 6,300 6,300 
5.5 50 8,500 9.600 
63 74 10,200 9.400 
63 6X 12,800 I 1,300 
79 88 7.600 6,800 
65 65 6,200 5.700 
85 75 7.500 7,800 
78 74 8.400 8,400 
64 71 8.800 II.200 
62 56 9,200 9.400 
‘7 49 6,600 5.900 
69 71 10,300 9.800 
59 63 8.100 9.200 
76 63 6.800 5,200 
92 86 X.100 11.500 
70 74 6.400 8,300 
67 71 7.100 9.700 
X0 69 7,700 7.800 
73 60 5,900 6.600 
74 70 7.400 6.100 
60 64 9.100 10.200 
69 68 8,200 8.300 
Y 10 I.600 1 .YOO 
NS NS 
2.9 2.9 2.400 2.400 I2 I3 
3.2 2.4 2,100 2.600 IO I6 
I.9 4.6 4.500 1.300 I3 I5 
2.4 I.8 2.600 3.500 13 21 
I.6 3.2 4.000 2.500 x I! 
2.5 3.1 2,800 2.300 I4 24 
2.6 3.3 3.700 2,600 20 IX 
2.0 2.8 3.700 2.300 7 I5 
2.0 2.7 3.200 2.300 8 19 
1.6 2.6 4.400 2.300 Y IO 
2.5 2.9 2.600 2.000 7 19 
2.4 4.0 3.200 2.100 I! IX 
1.6 2.4 4.x00 3.000 Y IX 
2.4 3.4 2.400 I .700 I3 I! 
2.4 3.1 3.200 2,300 7 I! 
I.7 2.2 4.500 3.300 9 I3 
3.5 4.5 1.900 1.100 6 I6 
3.1 3.7 2.300 1.200 Y 16 
3.1 3.1 2.000 2.100 IX 19 
3 2 5.0 1,700 I.200 Y IX 
2.2 2.5 3.200 2.300 3 I4 
2.0 2. I 3.100 3.000 5 9 
5.2 4.9 1.100 I.100 II 19 
3.X 4.6 1.600 1.400 5 13 
2.6 3.2 2,900 2 ,_ ‘00 IO I6 
0.X 0.9 I.000 600 -I 4 
10.001 <O.OOl <O.OOl 
x4 92 
7’) 66 
75 7X 
79 60 
54 72 
52 71 
69 67 
64 67 
x4 8’) 
-55 61 
66 56 
77 XX 
4X 61 
XX 8X 
5X 62 
62 65 
77 87 
67 60 
75 62 
66 77 
56 50 
54 SO 
102 I12 
67 X4 
69 72 
I3 I5 
NS 
40 42 s3 54 23 43 36 41 
33 32 59 52 4x 56 3X 3’ 
50 I7 34 78 IX s9 34 ! 
35 25 56 5X 44 46 33 3x 
29 24 45 6X 2x 43 47 58 
23 30 57 58 ‘;2 42 31 ?I 
36 22 4x 66 25 43 39 48 
31 IX 51 72 40 5x 40 54 
50 33 41 62 23 48 51 60 
32 25 42 59 31 45 33 47 
30 Ii 54 6X 35 60 !I 43 
41 33 47 63 3Y 48 36 45 
28 26 42 57 37 46 27 40 
56 31 37 64 26 49 27 SO 
26 I8 56 71 32 49 64 70 
33 30 46 54 23 37 SO 56 
I6 IO 79 XX 56 6X 70 80 
I8 IO 74 x3 47 74 61 59 
26 Ii 66 73 42 4X 65 78 
26 21 60 74 47 63 32 39 
23 I6 60 6X 40 51 48 50 
II I7 62 65 4: 57 44 35 
34 34 67 70 5,’ 57 39 52 
26 30 62 64 36 45 54 55 
32 24 54 66 37 52 43 51 
IO X II Y II 9 I3 I3 
<O.OOl <O.OOl -c0.001 <O.OOl 
Cl = cardiac index: EDVI = end-diastolic volume index; ESVI = end systolic volume index: HR = heart rate: JMEF = jeopardized myocardial ejection 
fraction; LVEF = left ventricular ejection fraction; LVEDP = left ventricular end-diastolic pressure: MAP = mean arterial pressure: NJMEF = nonjeopardized 
myocardial ejection fraction: Post and Pre = after and before angioplasty. respectively: RPP = rate-pressure product: SVRI = systemic vascular resistance index. 
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Figure 2. Similar significant reductions in percent stenosis and 
translesion gradient for unstable and stable angina subgroups before 
(PRE) and after (POST) coronary angioplasty (PTCA). 
strated a significant increase in cardiac index and a signifi- 
cant decrease in systemic vascular resistance index. No 
change occurred in cardiac index or systemic vascular 
resistance index in patients with stable angina. Patients with 
unstable angina had a significantly (p < 0.05) lower initial 
cardiac index and a significantly (p < 0.05) higher initial 
systemic vascular resistance index than did patients with 
stable angina. 
Left ventricular ejection fraction improved significantly 
(p < 0.001) after angioplasty (from 54 * 11% to 66 f 9%) in 
patients with unstable angina. Patients with stable angina 
demonstrated no change in ejection fraction (from 61 * 9% 
to 61 +- 11%). Left ventricular ejection fraction improved by 
>5 percentage units in 17 of 24 procedures in the unstable 
subgroup compared with only 4 of 18 procedures in the 
stable subgroup (p < 0.005). Patients with unstable angina 
had a lower initial ejection fraction than did patients with 
stable angina (p < 0.03). The improved systolic left ventric- 
ular function in the group with unstable angina is evidenced 
by the significant decrease in end-systolic volume index after 
angioplasty (from 32 ? 10 to 24 2 8 ml/m*) in this group, 
whereas no significant change occurred in the group with 
stable angina (from 30 ? 10 to 31 ? 13 ml/m*). Conversely, 
end-diastolic volume index was not significantly changed 
before or after angioplasty in either group (Table 3). 
Regional changes in ventricular function. Regional ejec- 
tion fraction (Fig. 3) of jeopardized myocardial segments 
improved significantly (p < 0.001) from 37 ? 11% to 52 ? 9% 
in patients with unstable angina, whereas there was no 
change (46 t 10% versus 46 2 11%) in patients with stable 
angina. Jeopardized segments in patients with unstable an- 
gina had a lower initial ejection fraction than did such 
segments in patients with stable angina (p < 0.006). Regional 
ejection fraction of nonjeopardized myocardial segments in 
patients with unstable angina also improved significantly 
after angioplasty (p < 0.001) from 43 t 13% to 51 t 13%, but 
exhibited no significant change (41 2 12% versus 43 +- 12%) 
in patients with stable angina. Patients with unstable angina 
demonstrated significantly (p < 0.02) more improvement in 
jeopardized than in nonjeopardized segments. 
Discussion 
Global left ventricular function improvement. This study 
examined immediate changes in rest left ventricular function 
after successful coronary angioplasty and found significant 
improvement in rest global and regional left ventricular 
ejection fraction. Subgrouping data according to chest pain 
syndrome revealed that the observed improvement for the 
entire study group was the result of improvement only in 
patients with unstable, and not in those with stable angina. 
Factors possibly relating to this response include changes in 
the inotropic state, myocardial oxygen demand or delivery, 
variable effects of medications as well as left ventricular 
preload and afterload. 
Although an increase in the inotropic state of the myo- 
cardium has been shown to improve rest systolic left ven- 
tricular wall motion (l&20), the patients in this study 
received no exogenous inotropic agents and any possible 
endogenous catecholamine-mediated effect produced no 
measurable change in heart rate or mean arterial pressure. 
Furthermore, any catecholamine-inducing effects of the pro- 
cedure should have affected both groups similarly. Thus, the 
observed improvement in left ventricular function in patients 
with unstable angina appears related to other factors. 
Comparative effects of preload. Patients with stable and 
unstable angina received similar amounts of the same med- 
ications before and during coronary angioplasty. Whether or 
not the combination of these drugs produce different effects 
on cardiac function with associated revascularization in 
patients with stable and unstable angina is unknown. How- 
ever, no significant change in rate-pressure product occurred 
in either subgroup, suggesting that myocardial oxygen con- 
sumption remained stable throughout. Furthermore, the 
effect of contrast medium on left ventricular function has 
been studied during routine cardiac catheterization (21,22) 
and no significant change in global or regional left ventricular 
ejection fraction has been demonstrated when contrast ven- 
triculography is performed before or after coronary angiog- 
raphy. 
Patients with stable and unstable angina demonstrated 
similar increases in left ventricular end-diastolic pressure, 
which may be secondary to previously demonstrated (23) 
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increases in filling pressure after administration of contrast 
agent. Furthermore, the increase in left ventricular ejection 
fraction in patients with unstable angina primarily reflects 
normalization of abnormal systolic wall motion as mani- 
fested by a decrease in end-systolic volume index with no 
significant change in end-diastolic volume index. In addition, 
patients with stable angina had no significant change in 
end-diastolic or end-systolic volume index. Because the total 
contrast volume and magnitude of increase in end-diastolic 
pressure and end-diastolic volume index before and after 
angioplasty were similar for patients with stable and unstable 
angina, it would appear unlikely that differential changes in 
systolic function between the two subgroups were the result 
of variable preload conditions. 
Comparative effects of afterload. Systemic vascular resis- 
tance index decreased significantly after angioplasty in the 
patients with unstable angina, who also showed improved 
left ventricular function. However, because cardiac index 
was derived from angiographic left ventricular volumes, the 
decrease in calculated systemic vascular resistance index 
may only reflect the improvement in cardiac index. Further- 
more, if peripheral vasodilation was the sole explanation for 
the change in systemic vascular resistance index, an associ- 
ated decrease in mean arterial pressure or an increase in 
heart rate, or both, might have been expected to occur. 
However, decreases in systemic resistance seen in patients 
with unstable angina could explain the improvement in left 
ventricular function in this subgroup, particularly because of 
the lower initial ejection fraction. Thus, an unexplained 
decrease in the peripheral resistance may have contributed 
to improvement in left ventricular function. Because cardiac 
index was derived from ventriculographic volumes, this 
issue cannot be resolved and the possibility of improvement 
in ventricular function secondary to a decrease in afterload 
must be considered. 
Reversal of ischemic dysfunction. Alternatively. the ob- 
served improvement in rest left ventricular systolic function 
may reflect improved oxygen delivery in this subgroup. 
lschemia has been documented to produce depressed seg- 
mental systolic left ventricular wall motion secondary to 
diminished coronary blood flow to the involved segments 
(24-28). but the similar coronary stenoses and translesion 
gradients in our patients with stable and unstable angina 
associated with different global and regional myocardial 
function tend to negate this possibility. However, it is 
possible that subtle differences in the degree of initial coro- 
nary stenosis between the two subgroups may have pro- 
duced long-term flow differences not distinguishable by the 
gross visual lesion assessment or initial translesion pressure 
gradient. More probably, regional left ventricular function 
was depressed secondary to delayed functional recovery 
from frequent, but transient symptomatic or asymptomatic 
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ischemic episodes in the unstable angina group producing a 
“hibernating myocardium syndrome” (29). Successful 
angioplasty produces an increase in coronary blood flow to 
the ischemic area (6) and improves myocardial metabolism 
(5), which is an alternative explanation for the immediate 
improvement in rest systolic left ventricular wall motion, 
particularly with greater improvement in jeopardized than in 
nonjeopardized myocardial segments in the patients with 
unstable angina. 
Significant angiographically visible collateral vessels 
were not present in either group before or after angiography 
in jeopardized myocardium. Coronary balloon occlusions 
and subsequent decreases in coronary stenosis may alter 
collateral blood flow. This study cannot address the extent to 
which nonangiographic visible collateral blood flow may 
have influenced the results. 
Comparative changes in segmental function. Although 
less marked than in the jeopardized segments, baseline 
depression and observed improvement in nonjeopardized 
segments in the patients with unstable angina may be due to 
several factors. The five segment area method used for 
analysis of regional function may not in all cases completely 
separate jeopardized from nonjeopardized myocardium. 
This possibility is particularly true of segment 3, which 
subtends the apex and was frequently partially supplied by 
the right coronary and left anterior descending arteries, only 
one of which was the obstructed vessel. If a majority of the 
segment was in the dilated vessel distribution, the segment 
was considered jeopardized. Thus, in some instances a 
segment appeared not predominantly supplied by the ische- 
mic vessel and was categorized as nonjeopardized but was at 
least partially affected by the stenotic vessel. Alternatively, 
depression of jeopardized segments in unstable angina may 
increase the stress on and, therefore, myocardial oxygen 
demand of nonjeopardized segments (30,31). This factor 
could explain the mild baseline decrease in function. Im- 
provement in the contractile efficiency of jeopardized seg- 
ments after angioplasty may reduce the additional work 
placed on nonjeopardized segments and could contribute to 
the improvement observed in nonjeopardized segments. In 
addition, as’noted earlier, a decrease in afterload for the 
group with unstable angina may have been responsible for 
the improvement in both jeopardized and nonjeopardized 
segmental function. 
Comparative responses to revascujarization. Despite 
questions regarding the mechanism of normalization of left 
ventricular function after successful angioplasty in patients 
with unstable angina, these results parallel the improvement 
in left ventricular function previously noted in such patients 
after coronary artery bypass surgery (10,ll). 
A variety of techniques have been utilized to demonstrate 
enhancement of dysfunctional but viable myocardium in 
patients with coronary artery disease (B-20,32,33). This 
study suggests that stability of angina may help predict 
which patients with coronary artery disease will demonstrate 
improved rest left ventricular function after improved perfu- 
sion. Although the prognostic significance of rest left ven- 
tricular function in patients with coronary artery disease has 
been well documented (34,35), the prognostic significance of 
improved rest left ventricular function in these patients has 
yet to be established. Studies assessing the effect of revas- 
cularization on ischemic myocardium by coronary artery 
bypass grafting have been limited by the complex nature of 
the operation; which may itself depress myocardial function 
if intraoperative preservative techniques are not adequate. 
In contrast, the relative simplicity of revascularization by 
angioplasty makes the latter procedure an excellent tool to 
assess changes in left ventricular function after revascular- 
ization. 
Conclusions. Successful coronary angioplasty is associ- 
ated with acute improvement in rest left ventricular function 
as determined by global and regional ejection fraction. 
Subgroup analysis reveals that this observed benefit is the 
result of improved function in patients with unstable angina. 
In the stable angina subgroup, no immediate improvement in 
rest global or regional left ventricular function was evident 
after successful angioplasty. However, in the unstable an- 
gina group, improvement was the greatest in the jeopardized 
segments, but also occurred to a lesser extent in nonjeopar- 
dized segments. Explanations for these changes are not 
clearly defined but may relate to differential changes in 
coronary flow or afterload, or both. Further investigation is 
needed to better define the determinants and time course of 
left ventricular functional changes in patients after myocar- 
dial revascularization for myocardial ischemic syndromes. 
Coronary angioplasty provides a useful model to assess 
changes in left ventricular function immediately after im- 
proved perfusion without involving the more complex effects 
produced by surgical revascularization. 
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